ABSTRACT: In this study, we examine the hypotheses that the size of the seagrass meadow and marine protection influence the abundance of seagrass herbivores and their associated grazing pressure. The effect of meadow size was tested in 9 shallow unprotected meadows of Posidonia oceanica encompassing a wide range of areas. The effect of fishing protection was examined by comparing 9 unprotected meadows (controls) with 3 marine protected areas (MPAs) with at least 20 yr of protection that also varied in meadow size (large > 3 ha, medium 1 ha < x < 2 ha and small <1 ha). At each site, we quantified the abundance, size distribution and grazing pressure of the 2 most important herbivores, the fish Sarpa salpa and the sea urchin Paracentrotus lividus. A strong negative relationship between meadow size and both the abundance and grazing rates of S. salpa was evident in the unprotected meadows, but no effects were detected on either the abundance or grazing rates of P. lividus. Results also showed that populations of S. salpa (mainly large individuals) benefit from fishing protection and tended to concentrate in MPAs (with the exception of Port-Cros), resulting in enhanced grazing pressure. In P. lividus abundances or size distributions did not present any significant difference between protected and unprotected areas, although most MPAs presented low sea urchin densities. While MPAs are important to preserve seagrass ecosystems, results from this study indicate that it is crucial to account for the size of these habitats, particularly when functional aspects of seagrass habitats are so strongly altered by size.
INTRODUCTION
The role of fishing in modifying ecosystem functions has been the subject of considerable research, as marine ecosystems collapse under the increasing pressure of the global demand for fish (Pauly et al. 2002) . In the face of the declines in fish populations, the no-take marine reserves have emerged as an important tool in the management and conservation of marine communities, with a range of documented benefits to ecosystems as well as to resource-dependent stakeholders. Results of empirical studies show increased density and/or size of target species within reserves compared to fished areas (Halpern & Warner 2002) , spillover of fish across reserve boundaries (Roberts et al. 2001 , Abesamis & Russ 2005 and changes in important ecosystem functions, such as herbivory, following fishing bans (Sala et al.1998 , Shears & Babcock 2003 . A considerable body of conceptual and practical research tools has evolved to determine the size and distribution of these protected areas that maximizes those benefits. Large marine protected areas (MPAs) may be ideal for biodiversity conservation because they encompass more species, but they are occasionally implemented due to underexploitation of fish stocks. On the other hand, small MPAs may provide a protective umbrella for the biodiversity of sedentary species but are unlikely to provide an effective refuge for highly mobile, exploited species (Hilborn et al. 2004) . While considerable research has focused on the effect of MPA size on exploited populations, not much attention has been paid to the impacts of size of the protected area on ecosystem functions. Important ecosystem functions, such as herbivory, could be strongly affected by the size of a protected area, as we discuss later, and can lead to sometimes unexpected negative consequences for the habitat of intended protection.
Herbivory plays a vital role in terrestrial and aquatic systems and is of particular importance in marine habitats where grazing rates can be more than 3 times higher than in terrestrial systems (Cyr & Pace 1993) . Herbivores act both directly, by reducing plant biomass, and indirectly, by inducing nutrient export, and modifying plant production and decomposition rates (Valentine & Heck 1999) . Increased rates of herbivory (overgrazing events) can result in significant alterations in the structure and functioning of marine ecosystems (Peterson et al. 2002) . Similarly, reduced grazing rates caused by overfishing and disease can also lead to major changes in ecosystem functioning, such as the dramatic 'phase shifts' witnessed in many coral reefs (review by Szmant 2002) . While it is clear that MPAs can modify plant -herbivore interactions, no general trend seems to exist, since habitat protection can impact herbivores in very different ways. While sea urchin populations seem to decrease as a result of the increase of sea urchin predators (Sala et al. 1998 , Pinnegar et al. 2000 , other organisms, such as herbivorous fishes or large herbivorous vertebrates (dugongs, turtles and others), benefit from the protection and are the dominant herbivores in fishing-protected areas (Pinnegar et al. 2000 , Jackson et al. 2001 , Kirsch et al. 2002 , Tomas et al. 2005 . In seagrass ecosystems, the evidence indicates that herbivore distribution is highly influenced by fishing pressure. In a recent study in tropical seagrass meadows, fish herbivory was mostly restricted to unfished seagrass meadows, while sea urchin herbivory took place in fished as well as unfished areas where fish appeared not to be effective urchin predators (Alcoverro & Mariani 2004) . This trend has also been observed in other fishingprotected tropical settings where herbivorous fishes, not sea urchins, are the dominant herbivores (Valentine & Heck 1999 , Kirsch et al. 2002 . Since urchins and herbivorous fishes differ in feeding mechanism and behavior (Ogden & Lobel 1978) , habitats affected primarily by urchins may differ significantly from those affected primarily by herbivorous fishes.
Habitat size is another aspect that plays an important role in plant -herbivore interactions. Herbivore densities and associated grazing pressure can either increase or decrease with decreasing availability of plant resources. The main mechanisms behind such potential behaviors are differential recruitment, predation and migration occurring as a function of habitat size (Bender et al. 1998) . A commonly observed pattern is one in which herbivore densities increase with increasing habitat size, potentially driven by increasing resource availability (Tahvanainen & Root 1972 , Root 1973 . This trend assumes that herbivores are able to move freely across the landscape mosaic and can modify their foraging behaviour and distribution to maximize resource acquisition at the landscape level. Under different conditions, however, herbivores tend to concentrate on smaller habitat patches (Hambäck & Englund 2005 , Otway et al. 2005 . This crowding behaviour is often associated with reduced predation pressure in small habitat fragments (Kondoh 2003) , differential migration behavior of herbivore species (Bowman et al. 2002) and distinctive sensorial developments to detect the available vegetation resources during the foraging process (Bukovinszky et al. 2005) . While these behaviours, and the resulting distribution and grazing patterns, have been frequently explored in terrestrial ecosystems, little is known concerning marine ecosystems. This is surprising, as these issues may have a very relevant influence in the generalized context of coastal habitat deterioration.
In the present study, we seek to understand how the establishment of MPAs and particularly their interaction with meadow size -a function of meadow area and seagrass cover -can influence the abundance of herbivores and the resulting grazing impact on seagrass ecosystems. The present study was conducted in shallow meadows of the dominant Mediterranean seagrass Posidonia oceanica (L.) Delile of different sizeclasses and located inside and outside no-take MPAs. The main Mediterranean herbivores, the Sparid fish Sarpa salpa (L.) and the sea urchin Paracentrotus lividus (Lmk.), are potentially affected by the establishment of MPAs: S. salpa populations are a common non-target species caught in fishing nets (García-Rubies 1997), whereas P. lividus have been reported to be heavily predated in MPAs (Sala 1997) .
MATERIALS AND METHODS
Sampling design and study sites. The effect of marine protection and its interaction with meadow size was investigated in 12 Posidonia oceanica shallow meadows in the northwest Mediterranean (Fig. 1) following an asymmetrical sampling design. Thus, within sites of small seagrass meadow size (<1 ha), 1 meadow in a protected area (Banyuls) was compared to 3 unprotected (control) meadows (Fenals, Giverola and Ju-gadora) . Similarly, within sites of medium seagrass meadow size (between 1 and 3 ha), 1 meadow in a protected area (Medes Islands, 1 ha < x < 2 ha) was compared to 3 unprotected meadows (Torredembarra, Monjoi and Port Lligat). Finally, within sites of large seagrass meadow size (> 3 ha), 1 meadow in a protected area (Port-Cros) was compared to 3 large unprotected meadows (Addaia, Santo Tomás and Montroig). All the considered MPAs have been effectively protected for more than 20 yr (Augier & Boudouresque 1976 , Bell 1983 , Ros et al. 1984 . This period ensures an effective recovery of the fish populations (abundances and sizes), including herbivore groups (McClanahan & Arthur 2001 ) and the recovery of eventual top-down control on sea urchins (McClanahan 2000) . For the Port-Cros MPA only, professional fishing and sport fishing (at least partially) are authorized within the park limits. However, sampling was conducted in shallow seagrass meadows adjacent to the Rascas Islet, located within a vast marine area where all types of fishing and anchoring activities are prohibited. One of the control sites, Jugadora, is inside a relatively recently declared marine reserve (4 to 5 yr prior to the present study), although traditional fishing is permitted, and signs of fish recovery are not yet apparent (authors' pers. obs.). As far as we are aware, there is no significant sea urchin extraction in any of the meadows studied, as sea urchin harvesting in Catalonia mostly occurs in shallow rocky bottoms.
The present study was purposely conducted in (1) summer, from midJune to mid-August, since this period concentrates the largest herbivore activity, especially that of the fish Sarpa salpa (Tomas et al. 2005 , Prado et al. 2007 ) and (2) in shallow meadows, within 0.5 and 10 m depth, which are known to assemble the majority of fish and sea urchin individuals (Francour 1997 , Tomas et al. 2005 .
Estimation of meadow size. At all sites, the study area was established according to the shallow home range occupation of Sarpa salpa during the summer period (i.e. max. 4.3 ha; Jadot et al. 2002 Jadot et al. , 2006 . The extension of seagrass meadow habitat (between 0.5 m and 10 m depth) and within an area of 4.3 ha was obtained from available local cartography, considering the presence of Posidonia oceanica meadows as the entral point of the fish home range. This area was then multiplied by seagrass cover to obtain the effective meadow size (in terms of seagrass availability), as very often meadows were highly fragmented (see Table 1 ). Seagrass cover was assessed within eighteen 50 × 50 cm haphazardly located quadrats.
Although the adult home range for adult sea urchins is quite different, the same meadow sizes were used (Fig. 1 ) and the Port-Cros MPA, for which sampling was conducted in summer 2005 and 2007, respectively. The methodology used to assess populations of S. salpa consisted of visual fish transect censuses within the shallow range of the Posidonia oceanica meadows. Size distribution was obtained by counting individuals and assigning them to 1 of 3 size-classes: small (5 to 15 cm), medium (20 to 30 cm) and large (> 30 cm) within 50 × 10 m strip transects (Francour 1999) . In order to incorporate the large temporal variability resulting from fish mobility patterns in this species (Jadot et al. 2002 (Jadot et al. , 2006 , we conducted transects at different times of the day and in successive days within the 2 sampling periods, the total number of transects being 30 (except at sites in Menorca and the Port-Cros MPA in which only 15 transects were performed). Each transect was considered an independent replicate. Fish biomass (g WW 10 m -2 ) was estimated using the size-weight conversion factors given in Francour (1997) (small: 5 to 15 cm = 15 g WW; medium: 20 to 30 cm = 155 g WW; large: > 30 cm = 552 g WW). The population of P. lividus in each meadow was assessed with fifteen 50 × 50 cm haphazardly placed quadrats each year. For the PortCros MPA only, measures of sea urchin abundance could not be conducted during the present study, and available data from Hereu et al. (2003) were used instead. In each quadrat, sea urchin test diameter without spines was measured with calipers. Individuals were separated into small (< 3 cm) and large sizeclasses (> 3 cm), coherently with age-dependent patterns of predation reported for this species (Sala 1997) .
Seagrass herbivory. Posidonia oceanica herbivory rates were measured in summer 2005 (except for PortCros, which was measured in summer 2007) through direct estimates of leaf area loss per individual shoot. At the beginning of the study, 20 seagrass shoots were haphazardly selected at each shallow meadow, tagged for identification and connected by a series of ropes (4 per study site, connecting 5 shoots each) for easy recovery. For each shoot the number of leaves, leaf length and width and the number and type of bite marks (i.e. fish or sea urchin; Prado et al. 2007) were measured underwater without detaching the shoot. All shoots were punched at the base to evaluate leaf elongation and collected 45 d later. For each shoot, biomass loss was estimated as the difference between the initial length and that at the time of collection, corrected for leaf elongation and attributed to each herbivore accordingly to the bite mark left at the end of the leaf.
Since the objective of the present study was to account for large spatial differences, leaf losses resulting from lateral bite marks or leaf fall were not included in calculations; consequently, final herbivory values may be slightly underestimated. Herbivory rates were then transformed from length (cm shoot -1 d -1
) to biomass values (g DW shoot -1 d -1 ) using appropriate conversion factors (Kirsch et al. 2002 , Tomas et al. 2005 .
Statistical analyses. The effect of seagrass meadow size on herbivore abundance and on herbivory rates of Posidonia oceanica was investigated for both herbivores (Sarpa salpa and Paracentrotus lividus) by regression analysis in which only the control sites were included. The existence of an association between herbivory rates and herbivore abundance was assessed by correlation analyses.
Asymmetrical analysis of variance (Underwood 1993 ) was used to investigate the effect of long-term protection on herbivore abundance (Sarpa salpa and Paracentrotus lividus) as well as on fish and sea urchin grazing rates. In such analyses, 'Protection' effects were obtained separately for small, medium and large meadows, by weighting differences in 1-way ANOVA results (Site random factor) in all study sites (4 levels) against differences in control sites (3 levels). In the case of S. salpa, since the effect of the fishing restriction is age-dependent (Bell 1983) , both fish density and biomass (g WW 10 m -2 ) were tested separately for the total number of individuals as well as for each sizeclass (i.e. small, medium and large; see above). For P. lividus, the effect of protection was examined following the same design for small, large and total number of individuals. Sea urchin abundances were first analyzed for interannual differences with a 1-way ANOVA and after observing no differences, the data was pooled (F = 0.482; p > 0.05) and included in the asymmetrical 1-way design described above.
ANOVA assumptions of normality (Chi-square test) and homogeneity of variances (Cochran's test) were not always achieved by transformation. Nonetheless, Underwood (1981) has indicated that the ANOVA F statistic is robust despite violation of assumptions, provided that the working sample size is large enough. When such assumptions were not met, we set the significance level to p < 0.01 to minimize the risk of making a type II error.
RESULTS

Abundance of herbivores
The abundance of Sarpa salpa displayed great spatial variation in terms of both density of individuals (from 0. (Fig. 3) . A strong negative relationship was observed between meadow size and fish biomass in unprotected meadows (R 2 = 0.94, slope = -0.012, p < 0.001) but not for sea urchin densities (R 2 = 0.49, slope = -0.15, p = 0.053; Fig. 4) .
MPA effects on herbivore abundance and grazing showed different patterns depending on meadow sizes. In Banyuls MPA (small meadow size), total fish biomass but not density was significantly higher than in control sites (Table 2) . Only large individuals were observed in the seagrass bed in the reserve (i.e. significantly higher density of individuals) and, therefore, patterns of abundance for this size-class mirrored those of the total fish biomass. In contrast, abundance (both density and biomass) of medium size-classes was significantly higher in control sites, and no effect of protection was detected for the smallest size-class. In Medes MPA (medium meadow size) both total fish bio- ). *Significant differences in total, large or medium size individuals of S. salpa (see Table 2 ) between long-term marine protection areas (MPAs) and non-reserve sites (NRs). Site names as in Table 1 mass and density were higher than in control sites, and the same patterns of significance were observed for the large fish size-class (Table 2) . No protection effect was detected for either medium or small size-class individuals. In Port-Cros MPA (large meadow size) fish biomass was apparently higher than in controls; however, this trend was not significant. No protection effect was observed for fish density. In the Port-Cros MPA both fish density and biomass were much lower than in Medes and Banyuls MPAs.
For sea urchins, MPAs caused no significant effect in total, large or small-size densities of individuals within seagrass meadows (Table 3 ). In the small MPA only, a trend towards lower densities of individuals was observed, but it was not significant.
Seagrass herbivory
Seagrass herbivory rates (including both herbivores) reached average values of 132% of the leaf primary production during the study period (2.25 ± 0. ), but leaf biomass losses to each species were also subject to substantial variability among sites (Fig. 5B,C) . Fish and sea urchin herbivory rates were both significantly correlated to fish biomass and sea urchin density, respectively (S. salpa: r = 0.87, slope = 0.08, p < 0.01; P. lividus: r = 0.82, slope = 4.3, p < 0.01). ): (A) total (fish and sea urchin), (B) S. salpa and (C) P. lividus. *Significant differences in herbivory rates between long-term marine protection areas (MPAs) and non-reserve sites (NRs) for each meadow size-class (see Table 4 ). Site names as in Table 1 .
Error bars are SE Fish herbivory was significantly associated to meadow size (R 2 = 0.80; slope = -0.64; p = 0.001) (Fig. 6A) , whereas herbivory by sea urchins was not (R 2 = 0.41; slope = -0.72; p = 0.062) (Fig. 6B) . Herbivory rates by Sarpa salpa were also affected by the protection status depending on meadow size (Table 4) . Fish herbivory in the small and medium MPAs of Banyuls and Medes Islands was consistently higher than in control sites of the same meadow size (56 and 31% higher, respectively). In the large MPA, there was also a trend towards enhanced fish herbivory but it was not significant. Seagrass herbivory by Paracentrotus lividus showed no significant effect of protection at any of the studied ranges of meadow size, albeit a trend towards lower rates was found again in the small MPA (Table 4 , Fig. 5C ).
DISCUSSION
The present study provides evidence that smaller Posidonia oceanica meadows are linked to higher fish herbivory in the western Mediterranean. Moreover, long-term protected sites featuring less than 2 ha of shallow seagrass beds (i.e. low and medium meadow sizes) have increased abundance of Sarpa salpa and display enhanced fish grazing. Hence, the results presented here provide the first empirical evidence that protection from fishing and landscape features may have additive effects on key ecological processes such as herbivory, and that the influence of seagrass habitat loss (review by Short & Wyllie-Echeverria 1996) and decimated populations of herbivores (review by Jackson et al. 2001) in ecosystem functioning should not be considered independently. The negative correlation between fish grazing and meadow size suggests that any loss of P. oceanica habitat could cause the aggregation of herbivore fishes within the remnant habitat patches, offsetting the release in grazing pressure caused by fishing in most marine systems.
Populations of the herbivorous fish Sarpa salpa, but not those of the sea urchin Paracentrotus lividus, reached higher abundance in small shallow Posidonia oceanica meadows. Accordingly, study sites with reduced seagrass abundance revealed herbivore impacts that were several orders of magnitude greater than those in large meadows. This concentration of fish can be the result of a number of processes such as differential recruitment or early mortality associated to patch size, or to movement patterns, as S. salpa is a relatively mobile species. Recruitment and mortality of early stages appear to be of outstanding importance in controlling the abundance of individuals (Macpherson et al. 1997 ), but juvenile individuals are rarely found in seagrass meadows. S. salpa recruitment only occurs in very shallow rocky bottoms (Harmelin-Vivien et al. 1995) , and individuals do not feed on macrophytes until they reach a size of ca. 13 cm (Christensen 1978) . In contrast, fish schools' movements across a mosaic of underwater habitats can account for this concentration in seagrass patches. S. salpa home range is of the order of 4 ha (Jadot et al. 2002 (Jadot et al. , 2006 , and mobility across different habitats has been documented (Verlaque 1990) . In mobile species with comparable home range areas, negative density-area relationships have been associated with either random searching patterns (Bowman et al. 2002) or the use of visual or olfactory cues to find the resources (Bukovinszky et al. 2005) . S. salpa juveniles and adults are mid-water visual foragers moving widely within their summer home range, which includes seagrass meadows, rocky substrates and sandy areas. Large schools of adult S. salpa are common browsers in P. oceanica, but also feed on a variety of benthic macroalgae (Verlaque 1990) , suggesting that the availability of shallow seagrass areas does not limit the growth of fish populations. Nevertheless, large (Havelange et al. 1997) and also show a clear preference for P. oceanica compared to algae (Vergés 2007) . Consequently, since S. salpa is typically found aggregating in meadows, the lower the seagrass area within the species home range, the higher the fish abundance and grazing impact will be within the seagrass bed. In contrast, Paracentrotus lividus abundances did not show any clear abundance or activity pattern related to meadow size. Perimeter:area ratios, rather than habitat size itself, appear to influence the abundance of organisms with small movement ranges or with a foraging behavior relying on contact search (Hambäck & Englund 2005) , such as sea urchins. Particularly, for P. lividus, the spatial distribution of individuals appears to be dependent on both the presence of bare rhizomes (mat structure) of Posidonia oceanica for local recruitment and on the degree of connection between the seagrass and the adjacent hard substrate that facilitates the movement from the later to the former (Prado et al. 2006) . It has to be taken into account that P. lividus does not move across large tracts of sandy habitat (Dance 1987) , possibly because it would be exposed to higher levels of predation. Hence, the final within-bed population abundance and structure results from several factors including supply of individuals from adjacent rocky habitats, local bed recruitment (Prado et al. 2006 ) and, to a lesser extent, by processes like predation (see below). The large sea urchin abundance in some study sites with low (Fenals and Giverola) and intermediate (Torredembarra) levels of P. oceanica appears to be caused by landscape features (i.e. the degree of contact between habitats) inherent to those particular locations rather than by habitat dependent processes.
The MPAs of Banyuls and Medes Islands displayed a clear increase in the grazing pressure of the fish Sarpa salpa relative to unprotected meadows (ca. 56 and 31% higher than in the respective control sites). Although changes in the fish foraging behavior cannot be completely excluded to explain such differences, these are most likely related to the associated increase in fish biomass observed in MPAs relative to control sites (see Bell 1983 for similar findings). S. salpa is not a clear fishing target in the study region (García-Rubies 1997), but populations can be affected by conspicuous non-selective fishing practices operating in seagrass meadows (Sánchez-Jerez & Ramos-Esplá 1996) or by fishing for commercial species (Vander Walt & Govender 1996) . More specifically, the present study indicates that protection from fishing influences S. salpa size distribution by increasing the abundance of large size-classes and decreasing that of medium size-classes, causing an overall increase in fish biomass. These results are coherent with many studies documenting the impacts of fishing on populations and community structure (review by Rochet & Trenkel 2003) as well as with studies examining the benefits of no-take areas to fish populations (Roberts et al. 2001 , Abesamis & Russ 2005 . Although a similar trend of fish populations and fish grazing -higher in the large MPA of Port Cros than in unprotected controls -was found, the obtained differences were not significant. This lack of significance can be accounted for by alternative explanations. First, in meadows higher than 3 ha, the influence of meadow size may mask possible increases in fish abundance. Second, it is also possible that the strength of top-down processes due to the increase of predatory species attain differential importance in MPAs of contrasting sizes. Home range sizes of fish increase with body size, and a large proportion of fish in small reserves can still be exposed to fishing mortality as they increasingly move within nonreserve areas (review by Kramer & Chapman 1999) . Hence, in spite of long-term protection, trophic linkages in small MPAs such as Banyuls (650 ha) and Medes Islands (511 ha) may still differ from that of a larger MPA such as Port-Cros (1288 ha). Finally, the lower abundance of S. salpa in the Port-Cros meadow may also be caused, to some extent, by the influence of fishing activities in other areas within the park boundaries.
Concerning sea urchins, many studies have shown the existence of top-down control of their populations resulting from enhanced predation in MPAs, in terms of both density (McClanahan et al. 1999 , Shears & Babcock 2003 and size distribution (Sala 1997 , Sala et al. 1998 . Our results only weakly suggest the existence of such an effect in the studied MPAs, but differences did not reach the signification threshold required for the very restrictive asymmetrical design used. On the one hand, some control locations exhibited very low sea urchin density not attributable to predation. In these locations other factors such as the lack of within-bed recruitment seem to explain these low densities (Prado et al. 2006) . Additionally, predation inside seagrass meadows is probably less intense than that observed in rocky habitats as a result of the greater shelter. In fact, the long leaves of Posidonia oceanica have been shown to be an effective shelter against sea urchin predation (Farina et al. 2008 ) and may alleviate predation in MPAs, smoothing differences between MPAs and control seagrass meadows. Moreover, the relevance of top-down control has been related to the size and abundance of efficient size-selective predator species (Coris julis and Diplodus spp.), which are comparatively more abundant in rocky habitats (A. García-Rubies pers. comm.). Individuals may escape from predation when they attain test sizes larger than ca. 4 cm (Sala 1997) . In some MPAs, however, the strength of top-down processes may involve a longer period of recovery, due to the extreme longevity of Paracentrotus lividus (ca. 10 yr; Crapp & Willis 1975) compared to the time period required to detect changes in the increase in fish populations (at least 3 to 4 yr; García-Charton et al. 2004) .
As already described for Indo-Pacific seagrass beds (Alcoverro & Mariani 2004) , fishing restrictions appear to affect both herbivores in an opposite manner, increasing fish herbivory while decreasing sea urchin herbivory pressure, although sea urchins are largely affected by other processes. As a result, the 2 sites with major herbivory pressure (fish and sea urchin together) have a completely different function, as one is a fishing-protected meadow dominated by Sarpa salpa (Banyuls MPA) and the other, an unprotected meadow dominated by Paracentrotus lividus (Giverola). In any case, the effect of protection did not disrupt the trends of increased herbivory observed with decreasing meadow size, since S. salpa was the only species affected (see Moericke et al. 1975 , Fahrig & Paloheimo 1987 , for similar concentration effects in other species).
To conclude, the results presented here suggest that fishing pressure and the loss or deterioration of seagrass habitat can modify the demographic structure of herbivores in Posidonia oceanica ecosystems and alter the functioning of shallow seagrass meadows. Seagrass area loss and fragmentation due to increasing anthropogenic pressure would imply that the remnant seagrass would be further exposed to increased herbivory rates, eventually leading to additional decline. Therefore, the inclusion of critical seagrass areas within the design of future marine reserves should deserve more attention to prevent possible overgrazing events. In the present study we detected large differences in herbivory rates related to the meadow size gradient examined. This raises some key questions that require further research, such as examining the threshold of herbivory that can be tolerated by a seagrass meadow without deterioration. In any case, we have provided evidence that herbivory in marine systems is not only controlled by features of the populations or communities concerned, but also by landscape features, highlighting the importance of including this reciprocal perspective in conservation concerns. 
